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RESULTS OBTATNED DURING EXTENSION OF U. S. ATR FORCE
TRANSONIC -FLIGHT TESTS OF XS-1 ATRPLANE

By Harold R. Goodman and Hubert M. Dreke
SUMMARY

Limited date covering extemslion of the U. S. Alr Force transonlc-
Tlight tests of the XS-1 alrplane are presented. These date show that
successful £flight to a Mach number of 1.35 has been achieved at
altitudes above 40,000 feet. Longltudinal trim changes were experienced
to the highest Mach numbers attalined, with the wheel forces remsining
small and the pilot &ble to control the airplane with ease. The
alrplane becomss right-wing heavy sbove a Mach number of 0.8 but can
be trimmed with the alleron. No alleron buzz or flubter phenomena
have been encountersd. Buffeting has been light, when encountered in
the range of Mach number and 1ift coefficlent covered by these data.

IRTRODUCTION

As part of an accelerated transonic-flight research progrem, the
XS-1 alrplene with an 8-percent-thick wing and a 6-percent-thick
horizontal tail has been utilized by the U. S. Alr Force, Wright
Fleld Flight Test Divislon, to attaln flight st speeds greater than
the speed of soumd. The intent is not to make detailled investigations,
but to make as large a Mach number increase in successive flights as
is consistent with safety. In thls cooperative program between the
Wright Fleld Flight Test Division and the NACA, the flylng is donse
by a Flight Test Division pilot, and the dats reduction and analysis
are mads from NACA instruments by WACA personnsl.

Previous reports (see references 1 and 2) have covered more
intensively the £flight tests of the X5-1 alrplsne from a Mach nunber
of 0.71 to a Mach number of 1l.15. This report presents limited data
on the extension of Air Force flights of the XS-1 sirplane to a Mach
number of 1.35 at an altitude of 49,000 feet.
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SYMBOLS

Mach number uncorrected for positlon error

Mach number corrected for error In measuresment of static
pressure but uncorrected for the theoretical loss in
total head behind z detached bow wave

Mach number corrected for error ln measurement of static
pressure end for the theoretical loss in total head
behind a detached bow wave

dynamic pressure, pounds per square footb (%p"M"a)
dynemic pressure, pounds per squarse footb (%p ‘M'a)

dynamlc pressure, pouvnds per square foot (%pMQ)

normal acceleration, gravitational units
alrplane welght

airplane normal-force coefficient (nW/q"8)
airplane normal-force coefficient (uW/q'S)
airplane normal-force coefficient (uW/gS)
stabilizer Incldence, degrees

elevator posltion, degrees

stabilizer position, degrees
elevator wheel force, pounds

aileron position, degrees

R
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pressure altitude, uncorrected for position error, feet

pressure altlitude, corrected for error ln measurement of
static pressure, feet

ATRPLANE DESCRIPTION

The XS-1 sgirplane utillized in the U. S. Alr Force tramnsonic-flight
tests incorporates an 8-percent-thick wing and a 6-percent-thick
horizontal tall. The power plant 1s a Reaction Motors, Inc. model 6000
C-4 rocket engine, using diluted ethyl alcohol as Ffuel and liquid
oxygen as oxldizer. The dlmensions of the alrplane are shown in
Pigure 1. '

Flight conditions of the alrplsne are as follows:

Launching: :
Welght, pounds . . « « . . . e e e e e e e e e e e e . . 12,365
Center-of -gravity position, percen‘b MAC « 4 e o 4 s s e » 22.1
End of powered f£light:
Weight, pounds . . . . Gt e e e e s e e e e e e ae e T8O
Center-of -gravity position, :percen.t MAC. ¢ « v ¢« v o o« « 19.6
Landing:
Weight, pounds . . - . . . © . e . Y 1 55
Center-of -gravity position, percent MA.C. « + s s s 4 e« e s 25.3

Fuel consumption per rocket, pounds per sscond per c¢ylinder . . 787

Rated rocket thrust, pounds per cylinder . . .« « « « « o« « « & 1500
Values of weight and, therefore, cenbter-of-gravity location are
difficult to ascertaln preclsely because of the rapld rate of propellant
consumption. The values given in this report are accurate to 0.2 per-

cent mean asrodynamic chord.

INSTRUMENTATTON

Measurements of alrspeed, altitude, normsl acceleration, slevator
poslitlon, shear and bending moment on the right horizontal tall, and
bending moment on the right wing are recorded internaily on standard
NACA instruments. In addition, measurements of right-alleron position,
stabilizer position, elevator wheel force, altitude, airspeed, and
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normal acceleratlion are telemetered to a ground receiving statlon and
recorded on a Consolidated osclllograph. In cases of duplication of
date, the data obtalned from the Intermal instruments are presented
In the results. Reference 1 presents a comparison of the telemetersd
and recorded results.

TEST RESULTS AND DISCUSSION

A calibration of the alrspeed installation was made, utilizing the
radar tracking method described in reference 3. The callbration is
shown in figure 2.

A time history of a climb to 41,000 feet, and a speed run at this
altitude, 1s presented in figure 3. A pull-up was made at the end of
this run at an uncorrected Mach number of 1.08. The variation of wheel
force and elsvator deflectlon are considerebly larger than thoss
encountered in making similsr maneuvers at lower Mach numbers as
reported in reference 4. Very light buffeting was encountered in the
range of normael-force coefflcients and Machk nmumbers covered. The
irregularities in the measured valuss indicated in the time period
of 21k to 218 seconds are probably due to actuation of the stabilizer.
No data of the stebllizer position were obtalned during thils perlod,
but recorded values of staebilizer positlion preceding the times shown
and at times after 225 seconds show that the stabilizer had been
moved from 0.5° to 2.0° incldence.

Figure L shows a time history of measured quantities during a
climb to 52,000 feet and a shallow dive to 49,000 feet. A pull-up
was started at an uncorrected Mach number of 1.25 and completed at
an uncorrected Mach number of 1l.12. The stick-force gradlent wes
gbout the seme as In figure 3. The pllot stated that the allsrons
remeined effective to the maximm Mach number sttalned. Very mlld
buffeting was encountered ln the range of normal -force coefflclents
and Mach nmumbers covered in these data.

Figure 5 shows the variastion of several measured guantlitles with
corrected Mach number at constent 1ift coefflclents of 0.24 and 0.40.
In general, the variations of elevator position end elevator force
are similsr to those reported In references 1 end 2. These date
cover a Mach mmber renge through which the alrplane was not in
stabilized Tflight at any one Mach mumber. The data, thsrefore, do
not present the actual variation of alrplane trim position within
the presented Mach number range. A quelltetlve analysis can be
made, and there appears to be & change in trim In the nose-up direction
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between Mach numbers of 0.91 and 1.2. At higher Mach numbers, there
eppears to be & slight nose-down change in trim which contlnues to
the maximm Msch number attalned. The pilot changed the stabilizer
positlion during the flight to minimize the effects of the changes
of trim.

Figure 6 shows the variatlon of right, ailleron angle with Mach
nunmber as compared with similar data from reference 2. Because the
alrplsne 1s not instrumented to measure rolling velocity, the data may
include points at which the airplane was rolling or at which the
airplane was laterally out of trim which may account for the scatter.
There is, however, a definite indicetlion of alirplans right-wing
heaviness. No alleron buzz or other flutter phenomens have been
encountered in the Mach number rsnge covered.

CONCLUSIORS
The limited data obtalned in the extension of tramsomic f£light

to a Mach number of 1.35 at altitudes above 40,000 feet indicate:

1. Satisfactory extension of flight of the XS-1 airplane to a
Mach number of 1.35 has heen achieved.

2. Longitudinel trim chenges have been experienced up to the
highest Mach number attained, but wheel forces have been small.
The pilot was gble to control the alrplane wlith ease.

3. The elrplene becomes right-wing heavy above a Mach number
of 0.8 but can be trimmed with the allerons.
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4. Buffeting has been light, when encountered in the range of
Mach number and 11ft coefflclent covered by these data.

5. No alleron buzz or flutter phenomena have been encountered.
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Figure 2.- Alrppeed callbration of XS-1 airplane. 8-percent wing.
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Figure 3.~ Time history of measured quantitles during speed run.
Flight 15. Alr-force teste. XS-1 airplane. 8-percent wing.
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Flgure k.- Time history of measured quentities during speed run.
Flight 16. Air-force tests. XS-1 alrplane. 8-percent wing.



NACA RM No. 18128

Figure 5.- Variation of measur.ed quentities with Mach number.
Flight 16. Alr-force tests. XS-1 eilrplsne. 8-percent wing.
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Figure 6.~ Varletion of alleron
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ABSTRACT

Contains limited date on flights to a Mach mmber of 1.35 at
altitudes sbove 40,000 feet on the X8-1 airplams with 8-percemt-thick
wing. Data are presented showing longltudinal and lesteral trim
changes and an airspeed calibration.



